ABSTRACT Studies were conducted using a commercial Inovoject TM system to determine effects of in ovo feeding of dextrin and iodinated casein (IC) on hatch and posthatch growth in broilers. At ∼18.5 d embryonic development, eggs were treated with 0, 240, or 480 μg IC/mL in saline (Cont, IC240, and IC480) or dextrin (Dext, DextIC240 and DextIC480). The Dext solution consisted of 18% maltodextrin and 10% potato starch dextrin; saline was the vehicle used by the company for in ovo vaccination. The volume for all in ovo treatments was 50 μL/injection. Eggs in Experiment 1 were transferred to a commercial hatcher unit whereas eggs in Experiments 2 and 3 were transferred to a research hatcher unit to assess effects of treatments on timing of hatch. At hatch, chicks were randomly selected and placed in floor pens and grown to 6 wk. In Experiment 1, there were no differences in hatch weights, but broilers provided Dext IC240 in ovo were heavier (P < 0.05) at 6 wk compared to other treatments with the exception of the Dext IC240 group. In Experiment 2, hatch weights were heavier (P < 0.05) in chicks receiving IC240 and DexIC480 treatments compared to Controls. At 6 wk, broilers in all treatments were heavier (P < 0.05) than Cont with the exception of IC480. In Experiment 3, hatch was stimulated by IC240 (in saline), but was delayed by Dext IC240. Serum analysis of β-hydroxybutyrate (μM/mL), as an indicator of ketone accumulation from fat metabolism of chicks held in chick boxes for 24 h posthatch (to simulate delay in placement after hatch), indicated that chicks in the IC240 group (that hatched earlier) had higher blood ketones compared to chicks that received Dext or DextIC240 in ovo (that hatched later). We conclude dextrin and iodinated casein (240 μg/mL) provided in ovo (∼18.5 d of embryonic development) has the potential to improve chick quality and posthatch body weight by delaying or narrowing hatch window.
INTRODUCTION
Hatch window is defined as the time that it takes chicks to hatch in an ideal incubation environment, the spread of hatch, and/or as the time it takes from the first chick hatches to the time chicks are removed from the hatcher (De Oliveira, 2007; Molenarr et al., 2010; Hill, 2011) . A normal hatch window in commercial broiler hatcheries may range between 36 to 48 h. Several factors may alter hatch window including flock age, incubation temperature, and egg storage time. For example, broiler chicks from older hens began hatch-C 2016 Poultry Science Association Inc. Received November 21, 2015. Accepted November 21, 2016. 1 Corresponding author: wbottje@uark.edu ing 6 h sooner than chicks from younger flocks (Wyatt et al., 1985; Joseph and Moran, 2005) .
In commercial hatcheries, chicks are removed (pulled) from the hatcher when the majority of eggs have hatched such that chicks hatching first may go without feed and water for 36 to 48 h in the hatcher unit. Chick servicing, holding, and transport to the farm can further delay access to feed and water by up to 48 h (Decuypere et al., 2001; Careghi et al., 2005) . Immediate posthatch starvation was reported to lower the number of satellite cells and their mitotic activity, reduce myofiber size and increase apoptotic nuclei (Mozdziak et al., 2002a (Mozdziak et al., , 2002b resulting in decreased growth and muscle development (Fauconneau and Paboeuf, 2000; Halevy et al., 2000) . Thus, it is not surprising that early chick nutrition has been shown to have a positive effect on the satellite cells activity and posthatch muscle growth (e.g. Dangott et al., 2000; Batal and Parsons, 2002; Halvey et al., 2003; Henderson et al., 2008) . Uni et al. (2005) showed that administration of exogenous nutrients such as carbohydrate and β-hydroxy-β-methylbutyrate into the amnion of broiler embryos at 17-18 d of embryonic development replenished liver glycogen stores that can be depleted during the prenatal period. These researchers also reported that in ovo feeding increased hatch weight, BW and breast muscle size, with the latter observation likely due to sparing of muscle protein from use as an energy source during early starvation (Uni et al., 2005) . In ovo feeding of carbohydrates and egg white protein have been shown to have beneficial effects on glycogen stores and intestinal activity in turkey embryos and neonatal poults (Uni et al., 2003; Foye et al., 2006 Foye et al., , 2007 .
In ovo feeding of turkey embryos at 25 d of incubation with a dextrin-iodinated casein solution improved hatchability, hatch weight, and early poult weights (Bottje et al., 2010) . Similarly, in ovo feeding of dextrin and iodinated casein at transfer from incubator to hatcher (∼18.5 d of incubation) increased hatch weights and early posthatch growth in broilers (Abousaad et al., 2013) . The dextrin solution presumably provided a readily available carbohydrate source for neonates (chicks or poults), whereas the iodinated casein may optimize metabolic activities in the late stage developing embryo that continues posthatch. The major goals of the present study were to determine the effect of dextrin-iodinated casein on hatch window and posthatch growth performance.
MATERIAL AND METHODS

Overview
Three experiments were conducted to determine the effect of in ovo feeding of dextrin-iodinated casein on growth performance, hatch window and time in the hatcher (hatcher hours per chick) in broiler embryos. All incubation and in ovo feeding procedures were conducted at a commercial hatchery. In each experiment, eggs were obtained from a single breeder flock that were laid on a single day and stored for 6 to 7 d prior to placement in the hatchery. The ages of breeder flocks were 22, 54, and 60 wk old for Experiments 1, 2, and 3, respectively. In Experiment 1, chicks were obtained at the commercial hatchery, transported to the University of Arkansas, and placed in floor pens for a growth performance study. Therefore, eggs in Experiment 1 were maintained under commercial industry standard temperature incubator and hatcher conditions. In Experiment 2 and 3, eggs were obtained immediately after in ovo feeding (∼18.5 to 19 d embryonic development) and transported to the University of Arkansas where they were placed in a research hatcher (Jamesway, 3,000-egg capacity), unit prior to conducting growth performance studies. The set point temperatures for wet and dry bulb temperatures in the incubator were 36.7 and 27.8
• C, respectively. All animal handling procedures were approved by the University of Arkansas Institutional Animal Care Committee (protocols #15005 and #11045).
Preparation of Solutions for in ovo Feeding
All chemicals were obtained from Sigma Chemical Co., St. Louis MO. Dextrin (Dext) and iodinated casein (IC) solutions were prepared according to Kuenzel et al. (2005) with modificationsas previously described (Bottje et al., 2010) . The dextrin solution consisted of 18% maltodextrin and 10% potato starch dextrin (∼280 mOsm). Iodinated casein was prepared by a method described with Kuenzel et al. (2005) with modifications. Briefly, 100 mL of distilled water containing 23.8 mg of manganese sulfate (MnSO 4 ; 2.8 mmol/mL) and 2.25 g sodium bicarbonate (NaHCO 3 ; 154 mmol/mL) was heated to 40
• C and 6.75 g casein was slowly added to this solution with gentle stirring. Following this step, 1.24 g potassium iodide (KI; 8.7 mmol) was added and heated in a water bath at 70
• C overnight (∼20 to 24 h). Iodinated casein was added to the in ovo solutions to achieve a final target concentration of 240 and 480 μg IC/mL in saline or Dext. The saline (control) solution was the solution being used by the hatchery for in ovo vaccination. All solutions contained gentimycin (10 μg/mL final concentration) and a commercial Marek's vaccine at levels being used in the commercial hatchery.
In ovo Feeding
The commercial Inovoject TM system used in this study is capable of treating 168 broiler eggs simultaneously with 50 μL injection solution per egg. In ovo treatments were provided at ∼18.5 d of embryonic development prior to transfer to the hatcher unit. After automatic candling and removal of infertile eggs carried out by the Inovoject system, each treatment was administrated to 15 hatch baskets of eggs, or ∼2,500 eggs (depending upon the number of infertile eggs removed). The injection lines were flushed with saline between each treatment. The total amount of time needed to complete all treatment injections was approximately 90 min (∼15 min/treatment).
Experiment 1 consisted of in ovo treatments of 0, 240, or 480 μg IC/mL in saline or 28% Dext. The levels of IC used in this study was based on optimization studies conducted previously (Abousaad et al., 2013) . At hatch, 30 chicks obtained randomly from each hatch basket (450 chicks/treatment, 2,700 chicks total), were transported to the University of Arkansas research farm where they were randomized and placed in floor pens (30 chicks per pen, 8 pens per treatment) on wood shavings. Each pen (3.66 × 1.22 M) was equipped with a nipple drinking system. Chicks were provided standard corn-soy starter, grower and finisher diets ad libitum from 0 to 2 wk, 2 to 4 wk, and 4 to 6 wk of age, respectively. Chicks were brooded at standard temperatures with ambient temperature decreasing from 32 to 25
• C during the first 2 weeks and maintained at ∼25 C thereafter. The chicks were provided continuous light from hatch to 14 d and were on a 20:4 light-dark cycle thereafter. Feed intake (FI) and body weight (BW) based on the number of birds in each pen (accounting for mortality loss) were assessed weekly to calculate feed conversion ratio.
Experiment 2 used the same treatments as in Experiment 1. After in ovo treatment, 2,700 eggs (30 eggs/hatch basket or 450 eggs/treatment) were randomly selected, transported to the University of Arkansas and placed in hatch baskets (90 eggs/basket, 5 baskets/treatment) in a research incubator. The research incubator contained 3 trollies with 10 baskets per trolley. Treatments were assigned to basket position in a complete block design. After time of hatch was determined as described below, chicks were randomly selected from each treatment and placed in floor pens (32 chicks per pen, 8 pens per treatment) to determine growth performance similar to Experiment 1.
In ovo treatments in Experiment 3 consisted of 0 or 240 μg IC/mL in saline or dextrin. A total of 3,000 eggs (50 eggs × 15 baskets × 4 treatments) were randomly selected at the commercial hatchery as in Experiment 2. The eggs were placed in a research incubator as in Experiment 2 with 100 eggs/hatch basket (7 or 8 baskets/treatment). The time of hatch was determined as described below after which chicks were placed in floor pens (30 chicks per pen, 12 pens per treatment) in a randomized complete block as in Experiment 1 and 2 above.
Hatch Window
The time of hatch was determined after in ovo feeding and prior to hatch in Experiment 2 and 3. In Experiment 2 there were 5 hatch baskets/treatment (90 eggs per basket) and Experiment 3 there were 7 or 8 baskets per treatment (100 eggs per basket). Hatch examinations were carried out 7 times (at 8, 20, 24, 28, 32, 36 , and 40 h post-in ovo injection) in Experiment 2 and 4 times (at 20, 30, 40 , and 50 h post-in ovo treatment) in Experiment 3.
At each examination period, the numbers of chicks hatched were counted. Each hatch examination process was conducted by moving one trolley at a time into a pre-warmed room (30
• C) adjacent to the hatching machine. The total time to count all the chicks at each time period was 45 to 50 min. After the last hatch examination time, chicks were collected and removed from the hatcher to coincide when the hatch was pulled at the commercial hatchery. Average hatch weight was determined for each hatch basket. On day of hatch, embryonic diagnosis conducted according to Poultry CRC (2011) revealed on differences in late dead embryonic mortality between treatments.
Serum β-Hydroxybutyrate Analysis
In Experiment 3, 25 chicks/treatment were randomly selected at hatch and held in chick boxes without feed or water in a heated room for 24 h to simulate a transport delay prior to placement. Blood samples were obtained following decapitation and serum analyzed for β-hydroxybutyrate (μM/mL) using a commercial kit (Sigma-Aldrich, St. Louis, MO).
Statistical Analysis
Data were utilized using 2-way ANOVA procedures using Graph Pad Prism statistical software (GraphPad Software Inc., La Jolla, CA). Differences among treatment means were determined by Tukey's multiple comparison test and the Holm-Sidak method (Holm, 1979; Glantz, 2012) . All measures of statistical significance were based on a probability of P ≤ 0.05.
RESULTS AND DISCUSSION
In ovo feeding of carbohydrates and other nutrients have been shown to have beneficial effects on post hatch growth in poultry attributed to increased myoblast and muscle development (Halvey et al., 2003; Uni et al., 2005; Smirnov et al., 2006) or enhanced intestinal mucosal development with increased villus surface area and digestive enzyme activity (Tako et al., 2004) . In ovo feeding of carbohydrates in late-term embryos increased hatch weights up to 6%, elevated liver glycogen between 2 and 5 fold, and increased muscle size 6 to 8% relative to untreated embryos (Batal and Parsons, 2002) . In ovo feeding of solutions containing dextrin and iodinated casein at 25 d of embryonic development in turkeys and ∼18.5 d of embryonic development in broilers, resulted in increased hatch weight and early growth rate in turkeys and broilers (Bottje et al., 2010; Abousaad et al., 2013) . In these studies, anecdotal observations made by managers of the commercial hatcheries indicated that there appeared to be effects of these treatments on timing of hatch. Because chicks do not all hatch at the same time, determining the optimum time to pull broiler chicks from the hatcher is often difficult with a wide hatch window that can be as long as 48 h (Decuypere et al., 2001) . Pulling the chicks from the hatcher too soon will lead to decreased hatch. On the other hand, if chicks are removed too late, many of these early-hatched chicks will be dehydrated and depleted of their energy reserves, thus compromising performance and final body weights (Careghi et al., 2005) . Determining the optimum pull time for the hatch is easier when there is a narrower hatch window that in turn results in increased chick quality (Careghi et al., 2005; Joseph and Moran, 2005) . Thus, major goals of the present study were to determine effects of dextrin and iodinated casein on posthatch growth performance of broilers to market age (6 wk) and on timing of hatch. The effects of in ovo treatments on body weights (hatch to 6 wk) of broilers in Experiment 1 are presented in Table 1 . Although there were no differences in body weights between treatments from hatch to 5 wk, broilers receiving DextIC240 in ovo were heavier (P < 0.05) compared to the other treatment groups. No treatment effects were observed on feed intake or feed conversion in Experiment 1 or in Experiments 2 and 3 below (data not shown).
Since hatch window determination is disruptive and difficult to conduct accurately in a commercial hatchery, eggs in Experiment 2 and 3 were obtained at transfer for placement in a research hatcher unit at the University of Arkansas research farm. Numbers of chicks hatched per time period were determined by physically counting chicks in each basket in a heated room adjoining the hatchery room.
In Experiment 2, there were no differences in numbers of chicks hatched per examination period ( Figure 1A ) or in the average number of hours that chicks remained in the hatcher unit prior to placement (hatcher hours, Figure 1B ). Hatch weights of chicks provided IC240 and Dextrin IC480 in ovo were heavier (P < 0.05) that the control group, but not different from the other treatment groups ( Figure 1C) .
Weekly body weights in Experiment 2 are presented in Table 2 . As in Experiment 1, there were no differences in body weights from 1 to 5 wk of age. At 6 wk, broilers in all treatment groups were heavier (P < 0.05) than Controls with the exception of broilers receiving IC480 in ovo. When males and females were weighed separately at 6 wk (when secondary sex characteristics were evident), male broilers that received IC480 or DextIC480 were heavier (P < 0.05) compared to Table 2 . Weekly body weights (g) of broilers provided in ovo feeding of 50 μL of solutions containing saline (Cont) or dextrin (Dext) alone or with iodinated casein (IC 240 or 480 μg/mL) at transfer from incubation to hatch (18.5 d embryonic development) in Experiment 2. Embryos that were in ovo fed in this study were obtained from a 54-week-old flock. Values represent mean ± SE of body weights (g) of broilers (n = 8 pens/treatment). a-c Treatment means within 1 wk with no common letter are different (P < 0.05). Controls but there were no differences in 6 wk female body weights (Figure 2) .
After receiving in ovo treatments at the commercial hatchery at transfer (∼18.5 d embryonic development) in Experiment 3, eggs placed in a research hatcher unit as in Experiment 2. The time of hatch was monitored at 10 h intervals over 50 h and chicks removed from the hatch unit to coincide with the time of hatch pull at the commercial hatchery. It can be seen that the time of hatch was clearly delayed in the Dext and Dext IC240 treatment compared to the Cont and IC240 groups ( Figure 3A) . Chicks receiving IC240 spent more time in the hatcher unit after hatching compared to the other treatment groups while chicks receiving Dext IC240 spent the least amount of time in the hatcher after hatch ( Figure 3B ). Chicks receiving Dext or Dext IC240 in ovo had higher hatch weights (P < 0.05) compared to Cont or IC240 groups ( Figure 3C ). In serum samples obtained from a subset of chicks (25/treatment) selected at random and held for 24 h (to simulate delayed placement), it was determined that β-hydroxybutyrate levels were higher (P < 0.05) in the IC240 group compared to the Dext alone and Dext IC240 groups (Figure 3D) . These data likely reflect the amount of time that chicks remained in the hatcher with increased accumulation of ketones from metabolism of fat for energy before the hatch was pulled (in Figure 3B ). There were no differences in body weights (Table 3) , and similar to the Experiment 1 and 2, there were no differences in feed intake and feed conversion (data not shown).
Embryos prefer to use glucose rather than fatty acids for energy production because of limited oxygen availability in the last quarter of incubation especially immediately prior to pipping (Bjonnes et al., 1987; John et al., 1987; Christensen et al., 2001b) . There is also very high consumption of glucose provided in glycogen in growing muscles during later stages of embryonic development (Freeman, 1969; Moran, 2007) . Administration of carbohydrates into the amnion increased breast muscle weight possibly by reducing muscle proteolysis immediately posthatch (prior to access to feed) (Uni et al., 2005 ). An increase in the glycogen levels would likely mean less muscle protein would be catabolized resulting in a greater percentage of pectoral muscle in broilers (Uni et al., 2005) . Since elevated fat metabolism is well known to result in accumulation of ketones (i.e., ketoacidosis) that include β-hydroxybutyrate, lower levels β-hydroxybutyrate in chicks that had received dextrin in ovo ( Figure 3D ) indicates that these chicks were relying less on fatty acid oxidation than were chicks that did not receive dextrin in ovo.
In summary, the results of this study indicate that in ovo feeding of embryos with dextrin and iodinated casein appears to have the potential to improve chick quality by delaying and/or narrowing hatch window and reducing serum ketone levels that in turn may improve posthatch growth in broilers. As Uni et al., 2005 conducted in ovo feeding slightly earlier (∼17 to 18 d embryonic development), it is possible that the dextriniodinated casein solutions used in the present study may have had greater effects if administered earlier. However, this was not possible in the present study as the timing of in ovo treatment was contingent upon the timing being used in the commercial hatchery. The effect of dextrin and iodinated casein in ovo feeding may depend on both the timing of the injection as well as the size of the embryo which is related to stage of breeder flock productivity (i.e., different flock ages). Values represent mean ± SE of body weights (g) of broilers (n = 12 pens/treatment).
